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(54) METHOD FOR PREPARING TEST VECTOR IN LOGIC SIMULATOR AND SYSTEM 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To convert a logical 
verification result into each test vector form of each IC 
vender without being conscious of the difference of the 
IC vender and an AD tool. 

SOLUTION: The parameter defining the signal name of 
the I/O cell of a design circuit is described in an I/O cell 
library 1 defining an input/output function. By using the 
parameter receiving delivering function that the circuit 
expression/hardware description language of a logic 
simulator 3, the parameter is received and delivered by 
the logic simulator 3 and the logic verification of circuit 
data 2 is performed. The I/O cell signal value of the 
design circuit which is obtained as the logic verification 
result and the signal name of each cell obtained based 
on the parameter are written in a non-processing 
system log file 4 by using the input/output function that 
the circuit expression/hardware description language 
has. Next, the test vectors of various kinds of forms are 
prepared by a conversion means 6 by utilizing the data 
stored in the source file 4 of a test vector parameter and 
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the non-processing system log file 4. 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A function for input/output procedure with a processor a simulator runs with an I/O function 
to be possible, and to deliver a parameter to a low rank from a design hierarchy's higher rank. 
A characteristic table present function by user definition. 

While being a test vector preparation method in a logic simulator having the above and creating circuit 
data of a designed circuit, A parameter which defines a signal name of the input / output cell of the 
above-mentioned designed circuit, and a bidirectional cell as an I/O cell library which defined an input 
output function is described, A parameter described by the above-mentioned I/O cell library is 
delivered to a logic simulator using a delivery function of the above-mentioned parameter, A logic 
simulator performs logic verification of the above-mentioned designed circuit using the above- 
mentioned circuit data and an I/O cell library, A signal value of the input / output / bidirectional cell 
of the above-mentioned designed circuit and a signal value of a control signal of a bidirectional cell 
which were acquired as a logic verification result, A signal name of each cell which might be based on 
the above-mentioned parameter is written in a non-processor log file using the above-mentioned I/O 
function, A test vector header is defined using a characteristic table present function by user 
definition of the above-mentioned circuit expression / hardware description language, and a test 
vector of various forms is created using data stored in this test vector header and the above- 
mentioned non-processor log file. 

[Claim 2] A function for input/output procedure with a processor a simulator runs with an I/O function 
to be possible, and to deliver a parameter to a low rank from a design hierarchy's higher rank. 
A characteristic table present function by user definition. 

An I/O cell library which is a test vector preparing system in a logic simulator having the above, and 
described a parameter which defines a signal name of the input / output cell of a designed circuit, and 
a bidirectional cell, A non-processor log file which stores a logic verification result by a logic 
simulator, A test vector header definition file which defines a test vector header using a 
characteristic table present function by the above-mentioned user definition, It has a conversion 
method which creates a test vector of various forms from the above-mentioned non-processor log 
file and a test vector header definition file, A parameter described by the above-mentioned I/O cell 
library is delivered to a logic simulator using a delivery function of the above-mentioned parameter, A 
logic simulator performs logic verification of the above-mentioned designed circuit using circuit data 
and an I/O cell library of a designed circuit, A signal value of the input / output / bidirectional cell of 
the above-mentioned designed circuit and a signal value of a control signal of a bidirectional cell 
which were acquired as a logic verification result. Write a signal name of each cell which might be 
based on the above-mentioned parameter in the above-mentioned non-processor log file using the 
above-mentioned I/O function, and the above-mentioned test vector header definition file and a non- 
processor log file are used, A test vector of various forms is created by the above-mentioned 
conversion method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]When depending for IC manufacture on IC vendor, usually as a design data 
from IC vendor, It is requested that the logical data of IC which is the target of the above- 
mentioned manufacture, and the test data (test pattern) for testing this IC should be released 
(the test data which IC vendor demands is hereafter called test vector). When a commercial 
CAD tool (tool for performing logic verification, such as IC provided with the simulator, etc.) is 
used as a verification tool in the logic design verification at the time of designing IC, It cannot 
release to IC vendor by having to use the verification result as release data as it is, but must 
change into the test vector form that IC vendor demands a verification result. 
[0002]Since IC vendor has an original test vector form, respectively, when a commercial CAD 
tool is used as mentioned above, the converting tool which changes the verification result into 
the test vector form of each IC vendor is needed, respectively. Since the I/O form of a CAD tool 
depends on each CAD tool, the above-mentioned converting tool must be prepared for every 
CAD tool. 

[0003]This invention about the preparation method and system of a test vector in the logic 
simulator for changing the verification result obtained as mentioned above using the commercial 
CAD tool into the test vector which IC vendor demands, Especially this invention relates to the 
preparation method and system of a test vector which can change the verification result of a 
commercial CAD tool into the test vector form of each IC vendor, without an integrated circuit 
design person being conscious of the difference in IC vendor or a CAD tool. 
[0004] 

[Description of the Prior Art]Draw[ng 5 and drawing 6 are the figures showing the outline 
composition of the test vector form which IC vendor demands, and drawing 5 and drawing 6 have 
illustrated two different test vector forms. Drawing 5 is a shown figure the 1st test vector form 
(A form), and the test vector of A form, It comprises a test block etc. which described the test 
patterns to be a test vector header which shows a test data name, a logic circuit name, etc., and 
a timing specification part which specifies the positive/negative of the pulse given to each 
terminal of IC, pulse length, etc. A test block is a portion which describes the test pattern for 
testing IC which IC vendor manufactured. 

In the example of the figure, each terminal name of IC was defined as the next of "FORM=", the 
logical level of the signal given to the terminal of IC by input description and output description 
is specified, and the signal value of the input output signal of each terminal described by the 
next of FORM=" is described by the portions of the above "input description" and "output 
description." 

[0005]In the example of the figure, it is written as @12, CLK, BUSC, and — by the next of 
"FORM=", moreover — although written as "N", "0", "P", and — by the portion of input 
description / output description ("0", "1", "P", and "N") [ and ] "L"" H", "Z", and "X" this 
showing an output, Behind the space 12 (@ shows a space), to a CLK terminal, give "0" to "N" 
and a BUSC terminal and a test pattern is given like "P" and — to terminal CLR, According to it, 



it means that an output like ""L", "L", — " H" occurs (the test pattern sequence at the time of 
being about a transverse direction). [ from the corresponding terminal specified by FORM=" ] 
[ show and ] Party eyes are a test pattern sequence at the time of the test pattern sequence at 
the time of the test pattern sequence at the 1st time and the 2nd line being the 2nd and the 3rd 
line being the 3rd, and — . The portion which there are an input terminal, an output terminal, and 
a bidirectional terminal in the terminal of IC, and is shown as "both directions" with the figure 
here is a signal value of the bidirectional terminal to which input and output are switched by a 
control signal. 

[0006] Drawing 6 is a figure showing the 2nd test vector form (B form), and the test vector of B 
form comprises a test block etc. which described the test patterns to be a test vector header 
which shows a test data name, a logic circuit name, etc., a terminal definition part, and a timing 
specification part, a terminal is defined by the terminal definition part in B form — for example, 
each input terminal — "CLK1 REF=1", "SMC1 REF=2", — , ** — it defining like (in CKL1 
terminal, "1" and SMC1 terminal means "2" and corresponding, without — ), and an input 
terminal, [ "IN" and ] As for the output terminal, "OUT" and a bidirectional terminal are shown 
as "10." Have described the signal value of each terminal defined as mentioned above by the 
test block, and in the example of the figure. Timing TM1 shows "0" and the case where — is 
given to the CLK terminal (REF=1) at P (positive pulse) and SMC1 terminal (REF=2) (the 
definition of "P", "0", — , is the same as drawing 5). 

[0007]As shown in drawing 5 and draw ing 6 , test vector form differs in form according to IC 
vendor, In releasing to IC vendor as it is by using as release data the verification result obtained 
using the CAD tool (tool for performing logic verification, such as IC provided with the simulator, 
etc.) at the time of an integrated circuit design, It is necessary to change the above-mentioned 
verification result into the test vector form corresponding to each IC vendor. 
[0008] Drawing 7 is a figure showing the composition of the conventional conversion system for 
changing into the test vector form of each IC vendor the logic verification result obtained with 
the CAD tool. The circuit data file which stored the circuit data of IC in which 51 is the target of 
logic verification in the figure, 52 and 53 are the 1st and 2nd processors (the above mentioned 
CAD tool) containing the simulator for verifying the logic of the above-mentioned IC, etc., The 
1st and 2nd processor 52 and 53 is carrying out normal use of what is marketed, for example, 
the CAD tool by X company in the processor X and the processor Y are the CAD tools by Y 
company. The compilers 52a and 53a which the processors 52 and 53 compile the circuit data 
stored in the above-mentioned circuit data file 51, and generate the configuration data 52b and 
53b of the executable code corresponding to circuitry, It has the simulators 52c and 53c which 
carry out the simulation of the logic operation of IC based on the above-mentioned configuration 
data 52b and 53b, and obtain a logic verification result, and the simulator log files 52d and 53d 
which store the above-mentioned simulation result. 55-60 are conversion methods which change 
into the test vector of each company form the logic verification result stored in the above- 
mentioned simulator log files 52d and 53d, and these conversion methods 55-60 are prepared 
every processor 52 and processor 53 again for every A-C which is IC vendor. 
[0009]In the figure, an integrated circuit design person uses the processor 52 by X company, In 
performing logic verification of IC, storing the logic verification result in the simulator log file 52d 
and requesting manufacture of this IC from A company, A firm business circuit tester information 
and the above-mentioned logic verification result are used, and it creates the test vector of A 
company form by the conversion method 55. Similarly, an integrated circuit design person uses 
the processor 53 by Y company, and performs logic verification of IC, In storing the logic 
verification result in the simulator log file 53d and requesting manufacture of this IC from A 
company, A firm business circuit tester information and the above-mentioned logic verification 
result are used, and it creates the test vector of A company form by the conversion method 58. 
That is, the integrated circuit design person has to select a suitable conversion method 
according to the processor and IC vendor which were used, and has to create the test vector of 
each company form. 
[0010] 

[Problem(s) to be Solved by the Invention]As mentioned above, in the former, the conversion 



method had to be prepared for every processor and IC vendor, and the integrated circuit design 
person had to create the test vector using the suitable conversion method according to the 
processor and IC vendor which were used. Usually, the form of the log file of a commercial CAD 
tool is as the above-mentioned conversion method, when using two or more CAD tools and 
requesting manufacture of IC from two or more IC vendors, since it differs for every CAD tool, 
[The number of simulator log file forms] xA number equivalent to [the number of IC vendor 
forms] of conversion methods were needed, and the designer needed to choose the suitable 
conversion method according to the CAD tool and IC vendor which were used out of those 
conversion methods. For this reason, the above-mentioned converting operation had become a 
big burden for a designer. 

[0011]This invention is made in consideration of the problem of the above-mentioned 
conventional technology, and the purpose of this invention, In one procedure defined beforehand, 
without an integrated circuit design person being conscious of the difference in IC vendor or a 
CAD tool. By creating the log file which stores a verification result, it is providing the preparation 
method and system of a test vector in the logic simulator who can change the result of the logic 
verification by a logic simulator into the test vector form of each IC vendor. 
[0012] 

[Means for Solving the Problem] Drawing 1 is an outline lineblock diagram of this invention. In the 
figure, 1 is an I/O cell library which defines a function of an I/O cell of a designed circuit, and a 
parameter which defines a signal name of an I/O cell as the I/O cell library 1 is described. 2 is 
the file which stored circuit data of a designed circuit. 3 is a logic simulator and the logic 
simulator 3, A function for input/output procedure with a processor a simulator runs with an I/O 
function to be possible, and to deliver a parameter to a low rank from a design hierarchy's higher 
rank, The simulation of the circuit model expressed / described with circuit expression / 
hardware description language provided with a characteristic table present function by user 
definition is carried out, and a logic verification result is outputted. 4 is a non-processor log file 
and a signal value and a signal name of an I/O cell of a designed circuit are written in the non- 
processor log file 4 among the logic simulator's 3 logic verification results using the above- 
mentioned input output function. 5 is a source file of a test vector parameter created using a 
characteristic table present function by the above-mentioned user definition — header 
information of a test vector — **** — last ** 6 is a conversion method and creates a test 
vector of various forms based on the source file 5 of data stored in the above-mentioned non- 
processor log file 4, and a test vector parameter. 

[001 3]In order to solve said technical problem, an invention of claims 1 and 2 of this invention, 
As shown in d rawing 1 , to the I/O cell library 1 which defined an input output function. A 
parameter which defines a signal name of the input / output cell of a designed circuit, and a 
bidirectional cell is described, Deliver this parameter to the logic simulator 3 using a PARATAME 
delivery function which the logic simulator's 3 circuit expression / hardware description language 
have, and logic verification is performed, A signal value of the input / output / bidirectional cell 
of the above-mentioned designed circuit and a signal value of a control signal of a bidirectional 
cell which were acquired as a logic verification result, A signal name of each cell which might be 
based on the above-mentioned parameter is written in the non-processor log file 4 using an 
input output function, A test vector of various forms is created by the conversion method 6 
using data stored in a test vector header and the above-mentioned non-processor log file which 
are defined by the source file 4 of the above-mentioned test vector parameter. 
[001 4]A parameter delivery function which circuit expression / hardware description language 
has as mentioned above in this invention, Data which generated a non-processor log file which 
traced a signal of a portion of an I/O cell of designed circuit data, and stored a signal value of an 
I/O cell of a designed circuit, a signal name, etc. using an input output function, and was stored 
in a non-processor, Since a test vector of various forms was created based on specified IC 
vendor information, the circuit designer can create a test vector of various forms, without being 
conscious of a logic simulator and each vendor form to be used. 
[0015] 

[Embodiment of the Invention]Dr a wing 2 is a figure showing the composition of the system of the 



example of this invention. In the figure, 51 is the circuit data file which stored the circuit data of 
IC which is the target of the logic verification shown in said drawing 3 , and the source program 
which shows the circuitry of a designed circuit is stored in the circuit data file 51. 52 and 53 are 
the 1st and 2nd processors containing the simulator for verifying the logic of the above- 
mentioned IC, etc. The compilers 52a and 53a which the processors 52 and 53 compile circuit 
data, the I/O cell library mentioned later, etc., and generate the configuration data 52b and 53b, 
It has the simulators 52c and 53c which carry out the simulation of the logic operation of IC 
based on the above-mentioned configuration data 52b and 53b, and obtain a logic verification 
result, and the simulator log files 52d and 53d which store the above-mentioned simulation 
result. 

[0016]Here, the above-mentioned processors 52 and 53 in this invention are premised on the 
thing provided with the following feature. That is, circuit expression (or hardware language for 
describing circuit expression) satisfies the following requirements, and is provided with the 
function which carries out digital simulation of the circuit model using the circuit expression. 
(1) The input/output procedure of an I/O function and the processor the simulator runs be 
possible. Namely, a thing provided with the function to read a signal name, a signal value, etc. 
from a predetermined file, or to write them to a predetermined file (this function is hereafter 
called input output function). This function is used in order to write a signal name, a signal value, 
etc. in a non-processor log file (a test vector is created using the log information stored in this 
file) so that it may mention later. 

[0017](2) There needs to be a delivery mechanism of the parameter from a design hierarchy's 
higher rank to a low rank. Namely, the thing for which parameters, such as a signal name which 
the design hierarchy's higher rank defined, can be delivered to a design hierarchy's low rank (this 
function is hereafter called parameter delivery function). The parameters (signal name etc.) 
described by the source program of the I/O cell library can be made to reflect in a logic 
simulation result log with this function, so that it may mention later. 

[001 8](3) A user can define the characteristic as circuit expression. That is, the declaration 
which can write the contents which a test vector header should define is prepared, and using 
this function, the test vector header of specification IC vendor form is created so that it may 
mention later (this function is hereafter called test vector parameter description function). In the 
simulator for verifying the logic of a digital circuit, Usually, VHDL is used as a hardware 
description language and as the above (1), "REDA" of VHDL, "WRITE", etc. can be used and it is 
the above (2). If it carries out, The delivery function of a signal name with the generic parameter 
in VHDL can be used, and it is the above (3) further. If it carries out, "ATTRIBUTE" (attribute 
definition command) of VHDL can be used. In the following explanation, the **** case for VHDL 
is explained as a hardware description language. 

[001 9]1 0 and 20 are portions added in this invention, and the input file which 10 becomes from 
the test vector parameter definition file 1 1 and the I/O cell library 12 with an input output 
function, and 20 are outputting parts which consist of the non-processor log file 21 and the 
conversion method 22. The correspondence relation of the terminal name and test pattern in a 
test vector, etc. are defined by the parameter definition file 1 1 of the input file part 10. The I/O 
cell library 1 2 with an input output function, The result of being the file which described the 
function of the I/O cell (it mentions later) of IC in the VHDL language, and having described the 
parameter here, and having compiled this I/O cell library 12 so that it might mention later, A 
logic simulation is performed using the result of having compiled the source program (design 
data) of circuit data, and a signal name etc. are made to reflect in the non-processor log file 21. 
[0020]Among the logic verification results by the processors 52 and 53, the signal value of the 
I/O cell of IC gives the signal name to the non-processor log file 21 of the outputting part 20, 
and is stored in it, and the test vector of each company form is created based on this. The signal 
value of the above-mentioned I/O cell is a signal value of each pin of IC, and the signal value of 
the control signal which controls a bidirectional I/O cell is also stored about a bidirectional 
terminal. By 22 being a conversion method which changes into the test vector of each company 
form the signal name of the I/O cell stored in the above-mentioned non-processor log file 21, 
logic, etc., and giving the parameter 31 which generates a test vector header part to the 



conversion method 22, The conversion method 22 generates the test vector according to IC 
vendor form. Description of the above-mentioned parameter 31 uses the test vector parameter 
description function of the above mentioned VHDL language. Thereby, the integrated circuit 
design person can describe the parameter corresponding to a test vector header part, without 
being conscious of the test vector form of a CAD tool or each company. 
[0021] Although it is possible to lower all the signal values (not only an input output signal but 
each signal value of the inner device of IC is included) of a simulation result to the simulator log 
files 52d and 53d provided in each processors 52 and 53, Since data required for test vector 
creation is a signal value of the output pin of IC, and all simulation results are not required 
reasons and the forms of the above-mentioned simulator log file differ for every CAD tool, In 
order to create the test vector of each company form from a simulator log file, as shown in said 
drawing 7 , the conversion method for every CAD tool is needed. 

[0022]On the other hand, the log file 22 independent of the form of a simulator of having stored 
data required for test vector creation is generable by forming the non-processor log file 21 and 
storing the signal name of the I/O cell of IC, a signal value, etc. here like this invention. And the 
test vector of each company form can be created only by giving the above-mentioned parameter 
31 to it, if the function to change the above-mentioned log data into the test vector of each 
company form according to specification of the parameter 31 is given to the conversion method 
22. And if it enables it to perform systematically description of the I/O cell library 12 with an 
input output function, description of circuit data, description of the above-mentioned parameter 
31, etc. in a VHDL language, an integrated circuit design person, The test vector of each 
company form can be created without being conscious of the difference among the processors 
52 and 53, the difference in each company vector form, etc. 

[0023]Drawing 3 is a figure showing an example of the I/O cell model of LSI. The logic function 
circuit where LSI usually performs a desired logical operation etc. as shown in drawing 3 , It has 
the I/O cell containing the output cell for outputting the output of the input cell which gives the 
input signal given from an external pin to the above-mentioned logic function circuit, and a logic 
function circuit to an external pin, the bidirectional cell by which a signal direction is controlled 
by a control signal, etc. Data required for test vector creation is the signal name (for example, i1 
in the figure, o1) and signal value of the above-mentioned I/O cell. In the case of a bidirectional 
cell, a signal direction (are they an input state or an output state?) is needed with the signal 
value. Since the signal direction of a bidirectional cell becomes settled with the signal value of 
the control signal (c1 of the figure) given to a bidirectional cell, data required about a 
bidirectional cell is the signal name (for example, b1, c1) and signal value of each signal. You 
make it reflected in the output of the processors 52 and 53 in this example, by the parameter 
delivery function of VHDL which described above the parameter described by the I/O cell library 
1 2 with an input output function, as shown in drawing 3, A signal name is written in the non- 
processor log file 21 with the logic verification result of the processors 52 and 53 using the 
above mentioned input output function of VHDL 

[0024]Drawing 4 is a figure explaining operation of the system of the example shown in dra wing 
2, and explains the conversion process procedure in this example by drawing 3 and drawing 4 . 
.First, the parameter for passing a design level is described to the I/O cell library (source 
program) 31. Next, a circuit design is performed using this I/O cell library 31, and the 
configuration file (sauce of a designed circuit) 32 is created (Step S1). As shown in the figure by 
this, in a parameter The actual signal name i1 (signal name of an input cell) of each I/O cell, The 
configuration file (source program) 32 containing o1 (signal name of an output cell), b1 (signal 
name of a bidirectional cell), c1 (signal name of the control signal of a bidirectional cell), etc. is 
created. Next, the above-mentioned configuration file 32 and the I/O cell library 31 are compiled 
by the existing processor, and the object program 33 of an I/O cell library and the object 
program 34 of a designed circuit are obtained (Step S2). And the signal value which performed 
the logic simulation by the existing processor using the above-mentioned object programs 33 
and 34 (Step S3), and was acquired by logic verification using the above mentioned input output 
function is written in the non-processor log file 36 with a signal name. 

[0025]The data written in the non-processor log file 36 is a signal value at each time of each I/O 



cell (MYURESHON result), and a signal name, as shown in the figure. In the example of the figure, 
the control signal c1 which shows the signal value of the clock terminal CLK at each time (0, 50, 
80, — ), the signal value of the output cell o1, the signal value of the input cell M, the signal value 
of the bidirectional cell b1, and the signal direction of a bidirectional cell is shown. With the 
figure, the case where the control signal d of a bidirectional cell changes from high level to a 
low level on the way is illustrated, and the signal direction of the bidirectional cell b1 is changing 
at this time. While creating the non-processor log file 36 as mentioned above, the test vector 
source file 35 which described test vector head sections, such as a designer and a circuit name, 
using the test parameter description function of a VHDL language is created. And the test 
vector of each vendor form as shown in drawing 5 and drawing 6 is created from the above- 
mentioned non-processor log file 36 and the test vector source file 35 (step S4). 
[0026] 

[Effect of the Invention]The parameter delivery function which circuit expression / hardware 
description language has in this invention as explained above, The data which generated the non- 
processor log file which stored the signal value of the I/O cell of a designed circuit, the signal 
name, etc. using the input output function, and was stored in the non-processor, Since the test 
vector of various forms was created based on specified IC vendor information, the circuit 
designer can create the test vector of various forms, without being conscious of the logic 
simulator and each vendor form to be used. For this reason, two or more conversion methods 
which embraced each vendor form like before are established, Since it becomes unnecessary to 
choose the logic simulator who uses it, and the conversion method needed out of the conversion 
method of this plurality according to each vendor form and various kinds of test vectors can be 
created in one expression and a procedure, reduction of an integrated circuit design person's 
burden can be carried out substantially. 
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IM^tX h ^ 7 7 fc^St 5 u i: £#M i: 1 5 IS 

[0001] 

[^©stss^si 1 cmmz 1 c^^ic^ 
EHJiottfcfcfts 1 cnmmT-ft. mi cm 

Ft£ftJ6<DxXFr-7 (fXh/^-V) fc'JU- 
XT5£5fclgfi2ft§ (I C^y^^lltSrXh 

%m<Dmmmi\mBcis^x, tmy-bt lx^mv 
[0002] 1 c^y^i^n^njfigorxh^* 

ff^^r#-3fcfe, ±SBO<t d fcrfjIS© CAD 
fflbfc^cti, *o|ftSBieS**I C^y^cDrXh 

A DV-Mcmft%rcib, IMWkV-Mt C A D 7 

[0 0 0 3] *f8^{i±IBO«fc a fc rUlg© CAD 7-;l/ 
^fflLTff /t^IIigm^ I C^y^SWt§r7> h 

^^^t^gj'rsfci6oiia'>5au-^fci3itsrx 

h ^ ^ * ©ft T£*5 «t tfi/ X r A £ 1 L , mc mm 
tt, I C SH-f ^ I C CAD 
lt§ui:^<, OTtDC AD7-;l/co^IiEig^^I 
C^y^'tDf-X h^7^ff^tc^T§ d fctfT*£3r 

•So 

[0 0 0 4] 

[Ue*ofifB] 0 5, 06tti c^y^Slfl-§rx 

2 -QOSa o ft r X h ^ 7 £ Wfs L T I ^ o 0 5 
ttSlOrXh^^S (AJSiO ^tlTfeD, 
AffM©rXh^7^«, fXhf-^^ Ha0SS« 

^;l/X©IEt, >Wzm%¥mJ£.t% 5 y?Jg£SP 

fiSc^nSo rXF7*n>y7^ I C^WSBgbfc I 
C^-rXM-Sftit)tDrXh^^-y^lBiEf§g^T 



(3) 

3 

^>\m(omm\y^)]/^%hxm s form=" ©& 

fciB&SttS&l!^©Attl;ftM^©M*fffitf±fE TA^I 

[0005] mmomxit, " form=" ©&£@i 

2, CLK, BUSC, -t&fcttU Sfe, AZ7fBj$ 

/tH^iB^w^" n" , " o" , " p- , -, m 
mtiz^ft c o" , " i" , " p" , " n" &\ 

Z7, " L" , " H" , " Z" , " X" tfHiafca-r) , 
CtUi, X^-X 1 2 (©tiX^-X^t) ©&fcU 10 
CLRtfRW N" , BUSCSK 0" , CLR^ 
?V p" , ■-©J^fcrXM*-:'^*., ftil: 
JSCT, " F 0 RM = " T?*|££ftT^3ttfSLfcSB? 

^e," l" , - l" , -, " h m (D^ommm^t 

h/^-y?lJ£^U —ff 1 ©R$j£fz:fcttS-f X 
3frl«<S3©llfo&fcfcttST*M*-y 

[0 0 0 6] H6tt»2 0rXh^*JgS (BJM) 
^IW&D, BJM©TXb^7#&, rXhr- 

rX h/^-y£fB$ 

«" CLKl REF = 1", " SMCl R E F = 
2", -, ©±3fcS«*n (CKL lSffi?tf" i", 30 
SMC1W 2", izftfctZCtZMMLX 
, A*4*?tt" IN", tBZ7«W OUT", 
" 10" tLT^SnTV^S. rXh7* 

o 7 ±ib©£ ^ k^ss nfc£i&iT©fmifc 

fB^LT&D, P0©#m±, ^5^TM1T-CL 
KS? (RE F= 1) KP (jE'WX) , SMC 1 

(RE F = 2) K" 0", -, *5*.5*S*jSLT^ 
§ (" P" , " 0" , -, ©£H&05^« o 

[0 0 0 7] 05, mGte^t&olCTXh^tZBft 
fi I C^y^fcfSUTJ&StfgfcoTfcD, I CSfflS 40 
tCAD7-;l/ (S>5:il/-**fli*.fcl C^©fftS& 

©ssu u-xt-^lt i c^y^tcj u-x-rs 

[0 0 0 8] 0 7 ft C A D y-jl/fc <fc t) t#/cia»IS 
$*©»>XrA©#§)jjt£^-f0?-&S o IStfe^ 

r, 5 1 \mm$m.<D$mtK% i c©nii&T-*£t& 
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% 2 ©MH^ (tufB L /c C A D y-;W T*S D , $ K 
^2©MS^5 2, 5 3»?1f»SnT^Sti©*l^ 

ei/ted, *&g£xfctxttS!©CADy- 

;K IlfYttYlilCC AD7-;l/T£5o MI5 
2, 5 3&, ±IBH]SSr-^ • 77^5 1 fcteiffiSft 
fc * * 3 > / U )]/ L X ftJS b fc^ff 

K03^7^y*U->ayf-5 5 2b, 5 3b££ 
lfS3>/U7 5 2 a, 5 3 at, ±IB3>7^^b 
1/ a >f-^ 5 2b, 53b fcg-^t I C ©Haftft 

? 5 2 c , 5 3 c , ±fE>^ a U~ 3 y|S*?r^ifl 
«->5aU-^n^77^V5 2 d, 5 3d£f!;tT 
^5 0 5 5-6 0«±rd^5ap-^a^77-r^5 2 

d , 5 3d tsfflsn/cia^tes^^^MMor X 

6 0M1I5 2, Ma^5 3©t, gfc, I C^>^ 

-e^^A-ctt^ffli^nri^o 

[0 0 0 9] ^BKcfct^T, 0J*lf, i cisn-f # xtt 

i(o»ii5 2Wslt, i c<Dmmmmm\ *; 

5ab-^n:777^;V5 2 d fc*©Mtf!ftaBI@££tt 
IftU RI COSifi^AtttffilB-rSli^k:^ Attffl 
rX^'lf «fc±fBHattiEi!S**ffiffl tT, 5 
5fc«fcOAttfl2S©rX^***{Wr5o W 

st, i c sn-#^ y as©saa^ 5 3 *\m lt, i 

C©ia»Hf^\ ->5al/-?n7"77^V5 3 d 

^^©la^iiis^fefflb, 1^1 c©sit%Aafcfl!c 
mt 5 ^ t a tt/g r x ^ 'it ?s ±iBia^SEism 

^ffl bT, 5 8 tc «fc 0 Attff^©rX h^^ 

[0 0 10] 

1 ctsit^ti, f^L/csaa^t 1 c^y^jsi;/ci 

t>t&frr>K. 0 M%s fU15©C AD7-7l/©D^7 7Y^ 

©^S« cad -tvsfr e>, li(© c 

AD7-;l/^fflLT, 1ft© I C^y^tc I C©iBi 
©&&¥&©ffifr^ ffiffltfcC AD7-;K I C^y 
[0 0 11] *fgei±SBb/c^*Sffi©Pn11^#li 

LTasnfcfe©t?a&oT, *^©gW{±, 1 cisit 



5 

ztmtm<Dm%*& i c^y^fx h^^jmic 

S C T £ § Ha* 5 a lx- * £ § r X h 

So 

[0 0 12] 

i/o-fe/i/^'T^yzfa&o, i/o-tr 

tmmZtlZo 2 «iM01&©0Kx-*£$|fiL/c 
7 7^/l/T^So 3&ttIi^aU-?T"&D, HSJ/ 

*Sffla&fc0Aft7J^£tfWt*£o-T\ iSf-ftlM 

It £ Sit £1* fc®&mi/> v- K 7 x 

77^;l/T-feD> #*aa*ny7 7-f;I/4fctt, ±!BA 

mftflM&fcteffl lths!'>5 a u-* 3 ©natftaaes 

Oft, I3ft«© I /O-fe;l/©M#fiifc*0^*tf» 

t&snso 5 ttimmmmfc&zmmmm* 

*iJfflLTft$L/crXb^^7;<?©y--X77^ 
t) rX h SKD'vy ^tfSfiW?? S 0 6 

mmx& d * ±fB#$aa&n ?7 r>r/i/4 ti&wstt 

[0013] Midisi^?!*-r5/ci6, *m<omm 
i , 2 o«wa, m i t^f«fc 5 ^ ktotswmzim 

Lfc I /0-fe;l/^7?U 1 fc % igft0E§©A/j/ft7J 

- f 7 x rmmmm-D^y $ * mm L®mm^ 

l«ilSS t LT|# 5, n/fc±IBISftlHlK© Xti/m/ 

xmtjmmm^ximtmu 97 tjju i^m 

jA*. ±IBrXh^^5/^^^ov-x77-f';i/4T ? 
Sr X h «y 9t ±M$mm^u 97 7 

■So 

[0014] ^mnias^Ttt, ±ib©j:3^ 

tti7J«B££ffl^T\ fSfH§IBST-*© I /0*.)]/<m% 
(Dim* h U-X LTfBftUlB© I /0-tr/KDfI^L 
fi^^m* L/cl^IMo y 7 7^to%£j& U # 
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«fcg-3tr *UB3©tX b^? ^fcffoSfS «fc 9tL 

fc©-e\ mssfstmi, ^ffl-rsia^5aiy-5, § 

[0 0 15] 

[^WO^JSO^flg] H 2 te^Bj^MiJO^XrA 
©*M£*T0-c"'£5„ Mcfci/>T, 5 1&tuI30 3 
£*L/cia^H©ft$ii:&S I C©@S§r-^M3 
LfcHJKr-* • 7 7l';H?a&9, ®e&r-* • 77^ 
10 ;l/5i£H\ iSIf0£&©lH]^M^t7-x7n^7 
AtflftHSnSo 5 2, 5 3 &±IB I C <DMM*tilM.t 
S TcVXD 5 a ^ 1 & «t m 2 (D&Wk 
TSSo »S5 2, 5 3tt, 5 I 

^a>r-5 5 2b, 5 3 b^It§ny/W7 5 2 

a, 53ah, IMuyy ^ 9U-i/a yr-$ 5 2 

b , 5 3 b tgtJt i c (ommmfttt ->^^>3> 

LTiPIlMB£ll£f#§ a 5 2 c , 5 3c 

£ > ±f B ^> 5 a u- 3 y is^^^iflf § ^> 5 a u- ^ 

20 n^77^;U5 2d, 5 3d%l^T^5 0 

[0 0 16] CclT% *^tC*5^S±IB®IM5 2, 
5 3H:3>joWfa*ffll*fcfeO*Waii:L , ri/^So tfcfc 

(l) Atli^MS^ecD^SaU-^^fftS^Mi: 
OA*73¥Mt^nJt^>feSiii:o tftte-^ ff^, 
M^il^*3TS© 7 7^ 6 read L/c D 3rS©7 7 -f 
30 rewrite TSlt^fix.TV>S i: (WTs CtDSfg 

^AtiiTjit^bi^) o co«iftgttai$-r««t5fc, it 

®>Wkn97 7 4 to ( u <D7 7JtolC&m*nfcU 9ft 

[0017] (2) m\mm(Dm.frt>i : \iL'\<D^ ; 7*9 

4:^5) o co-lltc!;^, f^tSck^tc, i/o-fe 
40 ;l/7-r7v'J©v-x7u^At!Bji?n/c/^v^^ 
(ff ^f£30 *»S^^ a u-^y 3 yfSUn ^{cSK? 

■^SCil^rtSo 

[0018] (3) mmmtbrnmmmmx 

%%>nto t%t>%, 7-7sY^7$'\v9X*%M.t^% 
/^^^IBllt^i/^) o r^^;H@IK©iia^SE 
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tLXlt, VHDLO TREDAJ , TWRITE J 

±12(2) tLXit, VHDLfcfcttS^ 
x*iJf^7^?fcj:5If« Og«f ffl V ^ 5 C 
fctf-Pt, 2 5fC, ±|B(3) £ LT(±> VHDLO TAT 

tribute j mmm^y k) ^ffl-rs c 

[0019] io, 2 ott*^fcfcv^r^in$nsgP 

l l £:Affl*i«^ttt 1/0-tert/- ^fT^'J 1 2^5 10 
&SA7j77^/k 2omt9m%zi?7 7'fJl/2 lfc 

* felt § fcrXh/<*->fc o*toSBg$3ltf £ 
H£n£ 0 Sfcu AWftflMEttt I/0-k;l/5>WJ 

1 2tt, I COI/O-b/1/ C&jfrfS) Otlffi*VHD 
L W§§"?fB$ L ft 7 7 ^ ^ (I c fc> ^ * * £IB 
2U imtZ&oimi /OtfryJ^yV l 2£n 

»t-2) *3^W;l/LfeJgS*ffli/^Ttti'>5 20 

[0 0 2 0] Sfe, a*ij2 0O#«yi3Roy77-f;l/ 

2 1 ffia^ 5 2, 5 3 k£%mttiffi£%<Oft, 

I CO I /0*;l/©flWP*©ffi^«*ttLT^S 

So ±K I /O-te;I/0fc*HBtt, I CO&tfi/Ofg^fg 

mzmmomm&imz ti%o 2 2it±mm 

m%U?7 7'(k2 1 fct&lftSftS I /0-fe;l/Offl# 30 

2fil C^y^^cjSC/crXh^^^^^tSo 
±iH^7**3 lOfS^fi, fufSL/cVHD Lf IgcO-r 

I CtgfT#«, CADy-;l/^&tt©rXh^*JM 
£M! <T 3 C t & < , fXF^^y L 

coo2 1] ftfe, #^Q.a^5 2, 5 3tcia^enfc'> 40 

5al/-?D^77^5 2 d, 5 3 dfctt* S^aU 

rXh^#*fftSto^ftT-*ttI COAfcB 
ftt>ttT?tt&<, £ft, ±!Bv^al^-£ny77^;l/ 

- * D ^7 7 -Y /l/fr 6 7, h ^ * £ fcftjfif 

§ £ tt, 15130 7 (C^ Lfc «fc 5 C A D 7-/^g©^ 
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[0 0 2 2] ZftlZttU #*tm%u 

77 7^)12 1 CCK:, I CO 1/O^llKDin 

bft^n^77-T;V2 2££$f 5 ciitf 

T, ^¥S2 2t, /^*3 iof^cjSi;T±fB 

xmwmmi/otjiyj^v 1 2012& hss 

t-#©IBj$, ±IB^v^3 l©fB$H£VHDLH 
115 2, 5 3©St\ &&^*ffM©st«ic§$ 

[0 0 2 3] H3J4L S I OI/O-fe^r^OHM* 
*t0T*&3„ H3K^f<fc5K, LS Hi, 1$, p/f 

x. 5 n § A^ft^^^JBHillt^Ktc^x. § Xh -tr 

^*ff«K<Miftr-*tt, ±SB I /0i:;bOfI^^ 
(MAtfWHfcfettS i 1. ol) tZ<DimUX& 

(IWlHOc 1) OM^tJ:D^f 5©T% ?X7^^]^;b 

i, c i) t^oft^ffli?s§o ^mm^^xits 

'J 1 2tCfB^n/c/^^^^fu!BL/cVHDL0^7 
^ 5 2,5 3 ©WJjKKBfeS^ M 

IBL/cVHDLOAtil^lt^iJfflLT, MS^5 2, 

5 3 ommmsR ttt> ^mzzimimu ?7 7 

<<1\>2 1 tC*tjAt?o 

[0024] mA\m2\z^Lrc%m^\<Di/7,Th(om 
wmmtmx&'o, 03, bi 4 tc<t d **sfsMfc^ 

V&%m!M=Em*MWtZo o I/0-tr;l/7>T 
77U (V-X7o^7A) 3 Hc^lt^l/^M-r/c 

u 3 1 ?rffli/M:0^it^m\ 3V7^^i/-> 3 y 

•77^)1 3 2^fMT§ (TxT 

>y7S 1) o dnfc«fc»)|n|0t^-r«fcdf^ 
#i/o-fe;i/o^ofi^ i 1 (ktitmm 
ol (a*-fe;i/OM#*) , b 1 (Mftfa&W 

m%) , c 1 (ttfifatjwftfflmQmz) 

Aofcn^^yu-^aV • 77 4h (7-X7°n^' 
7A) 3 2^'fM^tlSo ^{C±IB3>7-r ^"U->3 
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7v>x^ h • 7P77A3 3 il^ftlHlilO^^x^ h 
• 7n^A3 4£t#3 (Xr>yyS2) „ ^LT, ± 
m*7i?xth • ^P^7A3 3, 3 4£ffl^TgE#© 
MS^K <fc D tmSv' u^>3 y*ff V> (Xr7 7° S 
3) , MIEL/cA(il^l^ffl^Tia^IiE^i;Dt#fc 

[0 0 2 5] »lln^77^;l/3 6tcSf &3:ft3 
r-?&, Mc^-TJ:?^ &i/o-fe;l/<EK &fl#£ 10 

§ 0 raglOtWlCfeV^Tfi, (0, 5 0, 8 0, 

•••) WsttS^ny^Sffi^CLKOM^ffi^ tt!7J-tr/i> 

b i (ommt, wjfo&ivmfifaZKtmm 

c l tf^ftT^S,, [p]0Tti, ^ita-te/l/OfM 
c l ^ttirvN-r l^;l/fr£n- W;l/fcSEftf 

7-f;P3 eSffjS'TSfcfcfek:, VHDLtfgOrXh 20 

**"vy KgB#£!E$LfcrX^*#7-X77-r;b 
3 5£{W& 0 ^LT, ±!Bl^a^n^77^;l/3 

6 £rXh^7?7-X77^;l/3 5fr£>, 05, 06 

l re & 9 ^sofx h ^ * * mm % 

[0 0 2 6] 

xmrntrnm^x, tan-ass© i/o^kd 30 
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[HI] ^flOWS^Stlt'Wo 
[02] S2«*^O^JfiM©v / Xr^©^%^ , r 
0T*S§o 

[0 3] L S I £0 I /O-tr;l/tr;l/co-CT^^t0?fe 
§0 

[0 4 ] *^©HMiJ®^XrA(Oil)ftOT^t 50 

[05] I C^y^gf»T3rXl^^JM<D« 
»£*T0?&5o 

[06] I C^y^Silt3ft!!07Xh^^^S0 
ffi^M^-T0TS5o 

[07] «O^^XrA^M^T0-c?fe5o 

1 l/0-fe;l^7^y 

2 @S£r-?$ML/c7 7^ 

3 lt>;aP-^ 

4 ^1^0^77^^ 

6 

5 1 W&T-Z • 7 7-01/ 

5 2, 5 3 »l*J:t^20ftffli* 

5 2b, 53b n^^Vv'ayf-? 

5 2a, 53a uy/Uy 

5 2 c, 5 3c ^al/-^ 

5 2d, 53d '>$al/-^n^77^;l/ 

1 0 A7J77-T;U 

2 0 HJftSB 

1 1 *y*Z%WP74b 

1 2 Am^a^t 1 / o^yj-f? u 

2 1 «a^77^A 
2 2 
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ran 




[02] 



m 2 ii**i«©*»w©v'x?-Affl»«%*tia 




(8) 



ftM¥9- 1 6 0 9 4 3 



[03] 

l s i cd i /o-feji/t-f^o— mzm+B 




[07] 



[04] 

* % a © m ««« •> * x a &k w t * m 
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□ 



mm?© r~i 




(twj <miK.teem.\jii 


> 






COW 







1*11 

ifileiJ'""] 

*T" 



si *stm>cm5# 



ff ile'Ciojrf iiej'l 




i'f I iejioif ileS'l 



fflTeThwfTieTl 



• flUUotfii'e)'} 



fail 

m> 
ma 









J" 


— 








S S >L 





I off I It — I Xt>/A)3 



aymx 




(9) 



#§W9- 1 6 0 9 4 3 



[15] 



[06] 




7* W 363)8 



i IN OKI KM; 
j IN SCI IIEF-2; 

| OUT oi liff-5 
; CUT 02 Hff-6 

Ucr'7m~«P3Nr' 
ko. ice isW-d--' 



m 



} CLOCK TYPE-P 50.0nt ICO. Ons :CLK1; 




; PERIOD 200.0ns ; 

i 1 
i 


' 1 



iTIU] <- 

! 1-f 2-0 3-0 4-0 5-0 6-X 
!TIU2MCG£-SCANNCRtl 
j 2-1 4-1 - 
j TIU 3 
2-0.3-1 5-1 6-1 7-i •• 



77b 1W \ 




